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Abstract of JP 2000081642 (A) 

PROBLEM TO BE SOLVED: To enhance the 
reliability of an element by surface smoothening and 
to enhance performance such as transfer rate by the 
increase of grain diameter by fusing the grains of a 
polycrystalline semiconductor by irradiation with high 
energy laser beams. SOLUTION: A silicon dioxide 
film is formed on an alkali-free glass substrate in 200 
nm thickness. A hydrogenated amorphous silicon 
film of 35 nm thickness is then formed by plasma 
CVD using monosiiane and hydrogen as gaseous 
starting materials. Hydrogen contained in the 
hydrogenated amorphous silicon film is released by 
irradiation with 30 shots of 200 mJ/cm2 XeCI 
excimer laser beams and the dehydrogenated 
amorphous silicon is crystallized by irradiation with 
300 mJ/cm2 XeCI excimer laser beams to form a 
polycrystalline silicon film. The grains of the 
polycrystalline silicon film having about 60 nm 
average grain diameter are mutually fused by 
irradiation with 380 mJ/cm2 XeCI excimer laser 
beams 4 to obtain the objective polycrystalline 
silicon film 6 having about 600 nm average grain 
diameter. 
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(54) [Title of the Invention] 

LIQUID CRYSTAL DISPLAY DEVICE AND MANUFACTURING 
5 METHOD THEREOF 
(57)[Summary] 
[Object] 

It is an object to obtain surface roughness of a crystalline semiconductor whose 
crystal grain diameter is large and whose surface has small roughness. 

10 [Means for Solution] 

A method is employed in which an amorphous semiconductor including 
hydrogen with a thickness of 45 nm or less is irradiated with a laser beam in order to 
form a polycrystalline semiconductor and is further irradiated with a laser beam having 
higher energy in order to weld crystal grains formed by the laser irradiation, so that 

1 5 larger crystal grains are grown. Instead of crystal growth in a lateral direction, small 
crystal grains are welded in order to generate large crystal grains. Accordingly, 
generation of projections at crystal grain boundaries can be suppressed; thus, a 
high-quality crystalline semiconductor whose surface has small roughness and whose 
crystal grain diameter is large can be formed. 

20 [Scope of Claims] 
[Claim 1] 

A method for manufacturing a liquid crystal display device, comprising: over 
an insulating substrate, a plurality of signal wirings; a gate wiring formed so as to 
intersect with the plurality of signal wirings; a plurality of semiconductor elements 
25 formed in a vicinity of an intersection of the signal wirings and the gate wiring; and a 
pixel electrode which is connected to the plurality of semiconductor elements, 
comprising the steps of: 

for the semiconductor film included in the semiconductor element, 
a first step of forming an amorphous semiconductor film including hydrogen; 
30 a second step of performing irradiation with an energy beam having a first 

energy density on the amorphous semiconductor film including hydrogen; 
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a third step of performing irradiation with an energy beam having a second 
energy density which is higher than the first energy density on the semiconductor film; 
and 

a fourth step of performing irradiation with an energy beam having a third 
5 energy density which is higher than the second energy density on the semiconductor 
film. 

[Claim 2] 

The method for manufacturing a liquid crystal display device according to 
claim 1 , wherein the amorphous semiconductor layer in the first step includes hydrogen 
10 at 5 at % or more. 
[Claim 3] 

The method for manufacturing a liquid crystal display device according to 
claim 2, wherein the thickness of the amorphous semiconductor layer in the first step is 
greater than or equal to 20 ran and less than or equal to 45 ran. 
15 [Claim 4] 

A method for manufacturing a liquid crystal display device, comprising: over 
an insulating substrate, a plurality of signal wirings; a gate wiring formed so as to 
intersect with the plurality of signal wirings; a plurality of semiconductor elements 
formed in a vicinity of an intersection of the signal wirings and the gate wiring; a pixel 
20 electrode which is connected to the plurality of semiconductor elements; and a capacitor 
which is connected to the plurality of semiconductor elements and whose at least one 
electrode includes a semiconductor film, comprising the steps of: 

for the semiconductor film included in the electrode of the capacitor, 

a first step of forming an amorphous semiconductor film including hydrogen; 
25 a second step of performing irradiation with an energy beam having a first 

energy density on the amorphous semiconductor film including hydrogen; 

a third step of performing irradiation with an energy beam having a second 
energy density which is higher than the first energy density on the semiconductor film; 
and 

30 a fourth step of performing irradiation with an energy beam having a third 

energy density which is higher than the second energy density on the semiconductor 
film. 
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[Claim 5] 

The method for manufacturing a liquid crystal display device according to 
claim 4, wherein the amorphous semiconductor film in the first step includes hydrogen 
at 5 at % or more. 
5 [Claim 6] 

The method for manufacturing a liquid crystal display device according to 
claim 5, wherein the thickness of the amorphous semiconductor film in the first step is 
greater than or equal to 20 run and less than or equal to 45 nm. 
[Claim 7] 

10 The method for manufacturing a liquid crystal display device according to any 

one of claims 1 to 6, wherein the semiconductor film included in the semiconductor 
element or one of the electrodes of the capacitor has surface roughness of 5 nm or less. 
[Claim 8] 

The method for manufacturing a liquid crystal display device according to any 
15 one of claims 1 to 1, wherein the semiconductor film included in the semiconductor 
element or one of the electrodes of the capacitor is a polycrystalline semiconductor and 
has an average crystal grain diameter of 600 nm or more. 
[Claim 9] 

The method for manufacturing a liquid crystal display device according to any 
20 one of claims 1 to 6, wherein the first step to the fourth step are conducted without 
exposing a surface of the semiconductor film to the atmosphere. 
[Claim 10] 

A method for manufacturing a liquid crystal display device, comprising the 

steps of: 

25 forming an insulating film over an insulating substrate; 

forming an amorphous semiconductor film including hydrogen over the 
insulating film; 

performing irradiation with an energy beam having a first energy density on the 
amorphous semiconductor film including hydrogen; 
30 performing irradiation with an energy beam having a second energy density 

which is higher than the first energy density; and 
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performing irradiation with an energy beam having a third energy density 
which is higher than the second energy density. 
[Claim 11] 

The method for manufacturing a liquid crystal display device according to any 
5 one of claims 1 to 7, wherein the semiconductor film contains silicon as a main 
component. 
[Claim 12] 

A method for manufacturing a liquid crystal display device which has a step in 
which a semiconductor thin film is crystallized by irradiation with an energy beam, 
10 comprising the steps of: 

forming a first crystalline semiconductor by irradiation with an energy beam 
such as laser; 

performing irradiation with an energy beam having a higher energy density 
such as laser; 

1 5 welding crystal grains included in the first crystalline semiconductor; and 

forming a second crystalline semiconductor which has larger crystal grains 
than the first crystalline semiconductor. 
[Claim 13] 

A method for manufacturing a liquid crystal display device which has a step in 
20 which a semiconductor thin film with a thickness of 45 ran or less is crystallized by 
irradiation with an energy beam such as laser, comprising the steps of: 

forming a first crystalline semiconductor by irradiation with an energy beam 
such as laser; 

performing irradiation with an energy beam having a higher energy density 
25 such as laser; 

welding crystal grains included in the first crystalline semiconductor; and 
forming a second crystalline semiconductor which has larger crystal grains 
than the first crystalline semiconductor. 
[Claim 14] 

30 The method for manufacturing a liquid crystal display device according to 

claim 1 1 or 12, wherein the semiconductor thin film is an amorphous silicon film. 
[Claim 15] 
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The method for manufacturing a liquid crystal display device according to any 
one of claims 1 to 6. wherein the amorphous semiconductor film is formed by a plasma 
chemical vapor deposition method. 
[Claim 16] 

The method for manufacturing a liquid crystal display device according to 
claim 10, wherein among the insulating film, an insulating film which is in contact with 
the amorphous semiconductor fdm is formed by a plasma chemical vapor deposition 
method using a mixed gas of alkoxysilane and oxygen. 
[Claim 17] 

The method for manufacturing a liquid crystal display device according to 
claim 16, wherein the alkoxysilane includes Si-H bonds in molecules. 
[Claim 18] 

A method for manufacturing a liquid crystal display device, comprising the 

steps of: 

obtaining a poly crystal line semiconductor film through the steps of: 

forming an insulating film over an insulating substrate; 

forming an amorphous semiconductor film including hydrogen over 
the insulating fdm; 

performing irradiation with an energy beam having a first energy 
density on the amorphous semiconductor film including hydrogen; 

performing irradiation with an energy beam having a second energy 
density which is higher than the first energy density; and 

performing irradiation with an energy beam having a third energy 
density which is higher than the second energy density; 

patterning the polycrystalline semiconductor film to have a predetermined 

shape; 

forming a gate insulating film so as to cover the patterned polycrystalline 
semiconductor; 

forming a gate electrode so as to extend over a part of the polycrystalline 
semiconductor with the gate insulating film interposed therebetween; 
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introducing a P-type impurity or an N-type impurity in a predetermined portion 
of the polycrystalline semiconductor by an ion implantation method or the like using the 
gate electrode as a mask; 

forming a source region and a drain region by activating the P-type impurity or 
the N-type impurity by heat treatment; 

forming an interlayer insulating film so as to cover the polycrystalline 
semiconductor, the gate electrode, the source region, and the drain region; 

forming an opening portion in the interlayer insulating film over the source 
electrode and the drain electrode [sic.]; 

forming a source electrode and a drain electrode so as to be connected to the 
source region and the drain region through the opening portion; 

forming a protective insulating film so as to at least cover the source electrode 
and the drain electrode; 

forming a second opening portion in the protective insulating film over the 
source electrode or the drain electrode; and 

forming a pixel electrode which is connected to the source electrode or the 
drain electrode through the second opening portion. 
[Claim 19] 

The method for manufacturing a liquid crystal display device according to any 
one of claims 1 to 18, wherein the insulating substrate is a glass substrate which has a 
strain point of 700 °C or less and which has a side with a length of at least 800 mm or 
more. 
[Claim 20] 

A liquid crystal display device, comprising: 
over an insulating substrate, 
a plurality of signal wirings; 

a gate wiring formed so as to intersect with the plurality of signal wirings; 

a plurality of semiconductor elements formed in a vicinity of an intersection of 
the signal wirings and the gate wiring; and 

a pixel electrode which is connected to the plurality of semiconductor elements, 

wherein the semiconductor film included in the semiconductor element which 
has a thickness of greater than or equal to 20 nm and less than or equal to 45 nm, whose 
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average surface roughness is 5 ran or less, and whose average crystal grain diameter is 
600 nm or more, is formed by a laser crystallization method. 
[Claim 21] 

A liquid crystal display device, comprising: 
5 over an insulating substrate, 

a plurality of signal wirings; 

a gate wiring formed so as to intersect with the plurality of signal wirings; 
a plurality of semiconductor elements formed in a vicinity of an intersection of 
the signal wirings and the gate wiring; 
10 a pixel electrode which is connected to the plurality of semiconductor 

elements; and 

a capacitor which is connected to the plurality of semiconductor elements and 
whose at least one electrode includes a semiconductor film, 

wherein the semiconductor film included in the electrode of the capacitor 
1 5 which has a thickness of greater than or equal to 20 nm and less than or equal to 45 nm, 
whose average surface roughness is 5 nm or less, and whose average crystal, grain 
diameter is 600 nm or more, is formed by a laser crystallization method. 
[Claim 22] 

A liquid crystal display device, comprising at least: 
20 over an insulating substrate, 

a plurality of signal wirings: 

a gate wiring formed so as to intersect with the plurality of signal wirings; 

a plurality of semiconductor elements formed in a vicinity of an intersection of 
the signal wirings and the gate wiring; and 
25 a pixel electrode which is connected to the plurality of semiconductor elements, 

wherein the semiconductor film included in the semiconductor element which 
has a thickness of greater than or equal to 20 nm and less than or equal to 45 nm, whose 
average surface roughness is 5 nm or less, and whose average crystal grain diameter is 
600 nm or more, is formed by a laser crystallization method, and 
30 wherein in the semiconductor film, when an area of a certain crystal grain is 

defined as Sn, the length of the periphery Ln on the crystal grain surface is satisfied by 
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Ln < 4;xRn in crystal grains of at least 50 % or more with respect to Rn which is defined 
byRn = (Sn/it) 1/2 . 
[Claim 23] 

A liquid crystal display device, comprising: 
5 over an insulating substrate, 

a plurality of signal wirings; 

a gate wiring formed so as to intersect with the plurality of signal wirings; 
a plurality of semiconductor elements formed in a vicinity of an intersection of 
the signal wirings and the gate wiring; 
10 a pixel electrode which is connected to the plurality of semiconductor 

elements; and 

a capacitor which is connected to the plurality of semiconductor elements and 
whose at least one electrode includes a semiconductor film, 

wherein the semiconductor film included in the electrode of the capacitor 
1 5 which has a thickness of greater than or equal to 20 nm and less than or equal to 45 nm, 
whose average surface roughness is 5 nm or less, and whose average crystal grain 
diameter is 600 nm or more, is formed by a laser crystallization method, and 

wherein in the semiconductor film, when an area of a certain crystal grain is 
defined as Sn, the length of the periphery Ln on the crystal grain surface is satisfied by 
20 Ln < 47tRn in crystal grains of at least 50 % or more with respect to Rn which is defined 
byRn-(Sn/7t) l/2 . 
[Claim 24] 

The liquid crystal display device according to any one of claims 20 to 23, 
wherein the semiconductor film is a polycrystalline silicon film whose main crystal 
25 orientation on a surface is (111). 
[Claim 25] 

The liquid crystal display device according to any one of claims 20 to 24, 
wherein the insulating substrate is a glass substrate which has a strain point of 700 °C or 
less. 
30 [Claim 26] 
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The liquid crystal display device according to any one of claims 20 to 24, 
wherein the semiconductor element has a top gate structure in which a gate electrode is 
formed over the semiconductor film with an insulating film interposed therebetween. 
[Claim 27] 

5 The method for manufacturing a liquid crystal display device according to any 

one of claims 1 to 6, wherein the energy beam is laser light. 
[Claim 28] 

The method for manufacturing a liquid crystal display device according to any 
one of claims 1 to 6, wherein the irradiation with the energy beam in the second step, 
1 0 the third step, or the fourth step is performed plural times. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a liquid crystal display device and a 
15 manufacturing method thereof, especially, a structure of a high-quality liquid crystal 
display device with large size, high definition, and high image quality and a 
manufacturing method thereof. 
[0002] 
[Prior Art] 

20 As a display device which displays image information and textual information 

of office automation equipment or the like, an active matrix type liquid crystal display 
device using a thin film transistor (hereinafter referred to as a "TFT") is known. In a 
conventional manner, it is an important object of this type of liquid crystal display 
device to achieve cost reduction, high definition, and high quality image. In order to 

25 achieve these objects, improvement in performance of a TFT which is a key device is 
essential. In the case where a high-performance TFT is formed over an inexpensive 
glass substrate, for example, as described in Japanese Published Patent Application No. 
H8- 167722, a TFT has been also included in a peripheral driver circuit for driving a 
TFT active matrix and formed over one substrate in an attempt to reduce costs. If a 

30 higher-performance peripheral driver circuit can be formed over one glass substrate, 
simplification of a circuit configuration mounted in an external portion and the process 
for mounting can be realized. Thus, extreme reduction in costs for mounting can be 
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expected, in order to configure a high-performance circuit, a higher-performance TFT 
is necessary. In particular, at present, a poly-Si TFT which is formed over a 
polycrystalline silicon (hereinafter referred to as "poly-Si") film as a TFT for a 
peripheral driver circuit integrated type liquid crystal display device is expected. In 
5 order to form a high-performance poly-Si TFT over a large-sized substrate, it is 
necessary to form a high-quality poly-Si film at low temperature. As a technology for 
forming a high-quality poly-Si film over a large-sized glass substrate at low temperature, 
a laser crystallization method with high power laser is known. 
[0003] 

10 In a conventional laser crystallization method of a semiconductor film, 

especially when a polycrystal whose size of a crystal grain is large is formed, 
projections which have the same level height as the thickness of the film are generated. 
When this semiconductor thin film is employed for a device, especially for an active 
layer of a thin film transistor, hot carriers cause deterioration of a gate insulating film 

15 due to electric field concentration at projection portions. Thus, this projection 
contributes to reduction in a withstand voltage characteristic of a gate insulating film 
and reliability for a long-term use. As a method for manufacturing a crystalline 
semiconductor thin film whose surface has small roughness with laser crystallization, as 
described in (1) IEEE TARANSACTIONS ON ELECTRON DEVICES, VOL. 42 NO. 

20 2 1 995 p25 1 , laser irradiation with 1 0 mJ/cm 2 pitch in multiple stages has been reported 
so far. 
[0004] 

As described in (2) Dig. of Tech. Papers 1997 Int. Workshop Active Matrix 
Liq. Cryst. Displays (Business Center of Academic Societies, Tokyo 1997) pl67, laser 
25 irradiation is performed after amorphous silicon is polycrystallized by a solid layer [sic] 
growth method. 
[0005] 

As described in (3) Dig. of Tech. Papers 1996 Int. Workshop Active Matrix 
Liq. Cryst. Displays (Business Center of Academic Societies, Tokyo 1996) p85, there is 
30 a method in which when crystallization is performed, a cap material which transmits 
laser light is formed on a semiconductor surface in order to suppress growth of 
roughness. 
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[0006] 

[Problems to be Solved by the Invention] 

In the above-described conventional technology, there are problems as follows. 
In the conventional technology (1), irradiation with laser with 10 mJ/cm 2 pitch is 
5 minutely performed in multiple stages. In this case, when microcrystallme silicon is 
once formed, the macrocrystalline silicon is not easily melted and only polycrystalline 
silicon whose crystal grain diameter is about 60 nm is formed. Thus, there is a 
problem that large polycrystalline silicon whose crystal grain diameter is 500 nm or 
more cannot be formed. 
10 [0007] 

In (2), because a solid layer [sic] growth method is employed, silicon is heated 
at 1000 °C. Thus, an inexpensive glass substrate cannot be used, and there is a 
problem in that a crystalline semiconductor cannot be manufactured at low costs. 
[0008] 

15 In (3), at the time of melting by laser irradiation, heat is released to a cap 

material due to heat conduction; thus, there is a problem that the crystallization rate 
becomes higher and only a low-quality polycrystalline semiconductor whose crystal 
grain diameter is small is manufactured. 
[0009] 

20 As described above, by the conventional laser crystallization methods, there 

has been a difficulty in improving both of reliability of elements due to smoothness of a 
surface and performance such as the mobility due to the increase in the grain diameter. 
[0010] 

In contrast, it is an object of the present invention to achieve both increase in a 
25 crystal grain diameter and suppression of generation of projections over a 
semiconductor surface with a laser irradiation method. The present invention provides 
a flat high-performance crystalline semiconductor film whose average crystal grain 
diameter is 600 nm or more, whose average surface roughness is 5 nm or less, and 
whose thickness is 45 nm or less; and a liquid crystal display device using the same. 
30 [0011] 

[Means for Solving the Problem] 
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In the present invention, in order to solve the above problems, there is a feature 
that when a semiconductor thin film is irradiated with a laser beam to be crystalized, the 
thickness of the semiconductor film is set to 45 nm or less; once a polycrystalline 
semiconductor is formed by the laser irradiation; then, laser irradiation with higher 
5 energy is performed; crystal grains formed by the laser irradiation are welded; and a 
polycrystalline semiconductor film whose crystal grain is larger and whose surface is 
flat is grown. 
[0012] 

In particular, manufacturing steps including: a first step in which an amorphous 
1 0 semiconductor film including hydrogen is formed over an insulating substrate; a second 
step in which irradiation with an energy beam having a first energy density such as laser 
light is performed on the amorphous semiconductor film including hydrogen at least 
one or more times; a third step in which irradiation with an energy beam having a 
second energy density which is higher than the first energy density such as laser light is 
15 performed on the semiconductor film at least one or more times; and a fourth step in 
which irradiation with an energy beam having a third energy density which is higher 
than the second energy density such as laser light is performed on the semiconductor 
film at least one or more times were employed. 
[0013] 

20 As an initial film, an amorphous semiconductor film moderately including 

hydrogen is formed by a plasma CVD method so that an amorphous semiconductor can 
be formed uniformly over a large-sized glass substrate having a side with a length of 
800 mm or more at low temperature of 400 °C or less. Further, the thickness of the 
initial film affects the surface roughness after recrystallization with laser. According 

25 to experiments by the present inventors, it is apparent that the surface roughness can be 
suppressed to about 5 nm or less if the film thickness is 45 nm or less. 
[0014] 

Next, the inside of the amorphous semiconductor is heated by a first laser 
irradiation so that hydrogen in the film is released. 
30 [0015] 
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At this time, the irradiation energy density is set to be the value in which 
melting and crystallization of the film are not caused so that generation of voids in the 
film due to release of hydrogen in the film at a stroke can be prevented. 
[0016] 

5 Then, the amorphous semiconductor is melted and recrystallized by a second 

laser irradiation which is stronger than the first laser irradiation so that a polycrystalline 
semiconductor film whose average crystal grain diameter is about 50 ran and whose 
crystal grain is small is obtained. 
[0017] 

1 0 At this time, if irradiation energy is increased at a stroke in order to increase the 

crystal grain diameter, crystal growth proceeds in a horizontal direction (a direction 
parallel to a base substrate) in accordance with the temperature gradient which is large 
also in the horizontal direction in crystallization of silicon which is completely melted. 
Thus, in a region where adjacent growth surfaces collide with each other (a grain 

15 boundary), the density is reduced from 2.5 g/cm\ which is a melted state, to 2.3 g/cm , 
which is a crystallized state. Therefore, the expansion in volume is caused and 
projections are caused. Accordingly, an object to obtain a smooth surface cannot be 
achieved. Therefore, it is important that the intensity of the second laser beam is 
selected within the range in which a polycrystalline semiconductor film including small 

20 crystal grains whose average crystal grain diameter is about 50 nm can be obtained. 
[0018] 

Finally, crystal grains with small grain diameter which is obtained by the 
second laser irradiation are welded by irradiation with a third laser beam which is 
stronger that the second laser beam so that a polycrystalline semiconductor film with 

25 large grain diameter is obtained. In the polycrystalline semiconductor film with large 
grain diameter which is obtained in such a manner, a grain boundary is sandwiched 
between crystal grains and the crystal grains are welded (a second grain growth) so that 
expansion of the crystal grains is caused. At this time, because surfaces in which 
crystal growth proceeds in a horizontal direction do not collide with each other, the 

30 height of projections is not changed from the height when crystallization is performed 
with low leaser. Thus, generation of high projections is suppressed in an entire 
crystallization process. 
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[0019] 

Further, in the polycrystalline semiconductor film which is obtained in such a 
manner, the shape of crystal grains is indeterminate and the length of the periphery Ln 
on the crystal grain surface is satisfied by Ln < 47tRn in crystal grains of at least 50 % or 
5 more with respect to Rn which is defined by Rn = (Sn/Tt)" 2 . In general, in the 
polycrystalline semiconductor film formed by a solid phase growth method, crystal 
grains have a dendrite shape and have the large length of the periphery with respect to 
the area of the crystal grains; thus, the above formula is not satisfied. In such a 
polycrystalline semiconductor film, there are many crystal defects; thus, high carrier 
10 mobility cannot be obtained. In contrast, the polycrystalline semiconductor film 
according to the present invention is a high-quality crystalline semiconductor with 
crystal grains whose length of the periphery is small. 
[0020] 

Such a flat polycrystalline semiconductor film whose grain diameter is large is 
1 5 suitable for a high-performance TFT with high reliability. 
[0021] 

Other features of the present invention become apparent from the following 
embodiment modes. 
[0022] 

20 [Embodiment Mode] 

Examples will be described in which silicon is used as a semiconductor film 
according to embodiments of the present invention with reference to the accompanying 
drawings. 
[0023] 

25 (Embodiment Mode 1) 

A silicon oxide film 2 is formed over a non-alkali glass substrate 1 which has a 
size of 680 mm x 880 mm and has a strain point of 670 °C by a plasma CVD method 
using a tetraethyl orthosilicate (TEOS) and an oxygen gas as sources. 
[0024] 

30 The film formation temperature is 360 °C and the flow ratio of TEOS to 0 2 is 

1:100. A base silicon oxide film with a film quality as high as that of the gate oxide 
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film should be formed because the base silicon oxide film is in contact with an upper 
semiconductor layer. The ratio of TEOS:0 2 is set to 1:100 and the film formation 
temperature is set to 350 °C so that the high-quality silicon oxide film 2 with a small 
fixed charge density was able to be obtained. Further, instead of TEOS, the use of 
5 triethoxy orthosilicate (H-Si-0 3 (C 2 H 5 )3) which is formed by replacing one of four alkyl 
groups of a TEOS molecule with H is also effective at forming a high-quality film. 
[0025] 

Next, a hydrogenated amorphous silicon film 3 is formed to have a thickness of 
35 nm by a plasma CVD method using monosilane and hydrogen as source gases. The 

10 amount of hydrogen in the film which is evaluated by an infrared absorption method 
was 7 at.% ~ 10 at.% (FIG. 1). 

Then, irradiation with XeCl excimer laser 4 at 200 mJ/cm 2 is performed with 
30 shots so that hydrogen included in the above hydrogenated amorphous silicon film 3 
is released. After the treatment for releasing hydrogen, the amount of hydrogen in the 

1 5 film was 1 at.% to 3 at.% (FIG. 2). 

Subsequently, irradiation with the XeCl excimer laser 4 at 300 mJ/cm 2 is 
performed in order to crystallize amorphous silicon 4 [sic] which is subjected to the 
treatment for releasing hydrogen and form a polycrystalline silicon film 5. The 
average crystal grain diameter was about 60 nm (FIG. 3). 

20 After that, when the polycrystalline silicon film 5 is irradiated with the XeCl 

excimer laser 4 at 380 mJ/cm 2 , crystal grains whose average crystal grain diameter is 
about 60 nm are welded with each other. Then, a polycrystalline silicon film 6 whose 
average crystal grain diameter is about 600 nm was obtained (FIG. 4). 

FIG. 5 shows scanning electron microscope photographs of a surface and a 

25 cross-section of the polycrystalline silicon film 6 which is obtained in such a manner. 
In a plan view, grain boundary portions are removed by etching treatment in order to 
make crystal grain boundaries recognized. As seen in the photographs, the surface of 
the film is extremely smooth and large crystal grains are obtained. The average 
surface roughness was 3 nm. In order to achieve planarization, the thickness of the 

30 initial amorphous silicon film is an important factor, [sic] FIG. 6 shows scanning 
electron microscope photographs of a surface and a cross-section of a polycrystalline 
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silicon film which is formed by subjecting a hydrogenated amorphous silicon film with 
a thickness of 55 nm to a similar process. Although a similar process was performed, 
projections about as high as the thickness of the film is observed over a surface of the 
film with a thickness of 55 nm. There is no difference with the polycrystalline silicon 
5 film formed by the conventional laser crystallization method. Then, relations between 
the average surface roughness and the crystal grain diameter, and the thickness of the 
initial hydrogenated amorphous silicon film were examined in detail. 
[0026] 

FIG. 7 shows a relation between the average crystal grain diameters of silicon 
1 0 films each having a different initial thickness and irradiation energy of a third round of 
irradiation with excimer laser. 
[0027] 

Note that the average crystal grain diameter is defined by the diameter of the 
circle whose area is equal to the area of each crystal grain. The average crystal grain 
1 5 diameter la of a certain region in which m pieces of crystal grains exist (the area is S) is 
defined by the following formula. 
[0028] 

la=2x((S/m)/Tt) l/2 

Note that in the present invention, in the case of a SEM, the area S by which the average 
20 crystal grain diameter is obtained is the sum of the area of each crystal grain which is 
photographed under magnification at which the size of the crystal grain can be observed 
and the entirety of which is photographed without missing parts of the grain boundary 
in one view. In addi tion, in the case of plural views, the area S is the sum of the total 
areas of crystal grains of which entire parts are present in each view. In the case of an 
25 AFM, an STM, or the like, the area S is the sum of the total areas of crystal grains of 
which entire grain boundaries are present in a certain measurement range. 
[0029] 

When the average crystal grain diameter is maximized, irradiation energy 
depends on the thickness of an initial film. The smaller the film thickness is, the lower 
30 the irradiation energy is. Further, it is found that the maximum value also depends on 
the thickness of the initial film. When the film thickness is 35 nm to 45 nm, the 
maximum value is maximized. Thus, even if the film thickness is smaller or larger 
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than the range, the largest grain diameter becomes small. The smaller the film 
thickness is, the larger the largest grain diameter is. It is considered that this is because 
surface energy on a substrate interface, which serves as a driving force for a second 
crystal grain growth, becomes higher than grain boundary energy necessary for the 
5 rearrangement of atoms at grain boundaries; accordingly, the second crystal grain 
growth easily occurs. From this result, it is found that in order to increase the crystal 
grain diameter, thickness of the initial film is less than or equal to 45 nm, preferably, 
from 35 nm to 45nm. 
[0030] 

10 FIG. 8 shows a relation between surface roughness and the maximum crystal 

grain diameter of a film with the maximum average crystal grain diameter, and the 
thickness of the initial film. 
[0031] 

The surface roughness is the average roughness obtained by an atomic force 
15 microscope (AFM). 
[0032] 

In the present invention, the average surface roughness means arithmetic mean 
roughness (Ra), which is calculated by dividing a volume of a portion surrounded by the 
surface with the average height of a surface shape curve and a surface shape by a 

20 measurement area when the three-dimensional shape of a semiconductor surface is 
analyzed. In the present invention, when the measurement area is analyzed by an 
analysis method such as an AFM or a scanning tunnel electron microscope STM) [sic], 
which is capable of analyzing a three-dimensional surface shape, a certain range on a 
semiconductor surface whose area is larger than an analysis limit area available for 

25 analysis is defined as the measurement area. In contrast, in the case where a surface 
shape is analyzed with the two-dimensional cross-sectional structure of a semiconductor, 
the average surface roughness is obtained by dividing the integral value of height of the 
surface shape obtained by the surface shape curve by the measurement length as shown 
in FIG. 9. The cross-sectional structure can be observed by the photograph of a TEM 

30 or a high-resolution scanning electron microscope (SEM). Further, the cross-sectional 
structure can also be observed by scanning a measurement probe of an AFM or an STM 
once. In the present invention, the range of the measurement length for calculating the 
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average roughness is one view or a plural of views of the electronic microscope under 
magnification at which the roughness can be calculated in the case where an electronic 
microscope such as a TEM or a SEM is employed as an analysis method. In addition, 
when an AFM or a STM is employed, the range of the measurement length for 
5 calculating the average roughness is a certain range of a semiconductor surface which is 
longer than the measurement limit length. In the present invention, the average 
roughness may be calculated with either the three-dimensional shape or the 
cross-sectional shape. In the case of the three-dimensional shape, when the film 
thickness direction is defined as a Z axis and the surface shape curve is defined as z = 
1 0 f(x, y), Ra is obtained by the following formula. 
[0033] 

Ra = (l/(Lx • Ly)) x f' x 0 / Ly of(x, y)dxdy 
Here, Lx: X direction measurement length, Ly: Y direction measurement length 
On the other hand, in the case of the cross-sectional shape, when the film thickness 
15 direction is defined as a Z axis and the measured surface shape curve is defined as z = 
f(x) 5 Ra is obtained by the following formula. 
[0034] 

Ra = (l/Lx)xJ Lx 0 f(x)dx 
Here, Lx: X direction measurement length. 
20 [0035] 

From the results of FIG. 8, it is found that the initial film thickness is 
preferably 20 nm or more so that the average crystal grain diameter can be 600 nm. 
Further, the film thickness is preferably 45 nm, more preferably 40 nm or less so that 
the surface roughness can be 5 nm or less. 
25 [0036] 

Furthermore, when the polycrystalline silicon film according to the present 
invention is observed by an X-ray diffraction method, it is found that a crystal plane 
parallel to a substrate surface is oriented mainly along a (111) plane. This 
phenomenon occurs because surface energy of Si is lowest on the (111) plane. This 
30 phenomenon proves that the increase in the crystal grain diameter is caused by the 
second crystal grain growth caused by surface energy which serves as a driving force. 
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[0037] 

Furthermore, crystal planes of crystal grains are aligned in such a manner so 
that an effect can be obtained as follows: potential barriers at crystal grain boundaries 
become low practically, whereby the carrier mobility is increased. 
5 [0038] 

(Embodiment Mode 2) 

Embodiment mode 2 of the present invention will be described with reference 
to FIG. 10 to FIG. 19. 
[0039] 

10 A silicon nitride film 200 is deposited to have a thickness of 100 nm over the 

non-alkali glass substrate 1 which has a size of 680 mm x 880 mm and has a strain point 
of 670 °C by a plasma CVD method using a mixed gas of monosilane, ammonia, and 
nitrogen as a source. 
[0040] 

15 Next, the silicon oxide film 2 is formed to have a thickness of 200 nm by a 

plasma CVD method using a tetraethyl orthosilicate (TEOS) and an oxygen gas as 
sources. 
[0041] 

Subsequently, the hydrogenated amorphous silicon 3 is formed to have a 
20 thickness of 40 nm by a plasma CVD method using monosilane and hydrogen as source 
gases (FIG. 10). The silicon 3 is formed. The amount of hydrogen in the film which 
is evaluated by an infrared absorption method was 7 at.% to 10 at.%. 
[0042] 

Then, irradiation with the XeCl excimer laser 4 at 200 mJ/cm 2 is performed 
25 with 30 shots so that hydrogen included in the above hydrogenated amorphous silicon 
film 3 is released. After the treatment for releasing hydrogen, the amount of hydrogen 
in the film was I at.% to 3 at.%. 
[0043] 

Next, irradiation with the XeCl excimer laser 4 at 300 mJ/cm 2 is performed in 
30 order to crystallize the amorphous silicon film 3 which is subjected to the treatment for 
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releasing hydrogen and form the polycrystalline silicon film 5. At this time, the 

average crystal grain diameter was about 60 nm, 

[0044] 

Subsequently, when the polycrystalline silicon film 5 is irradiated with the 
5 XeCl excimer laser 4 at 380 mJ/cm 2 , crystal grains are welded to each other. Then, the 
polycrystalline silicon film 6 whose average crystal grain diameter is about 600 nm and 
average surface roughness is 3 nm is obtained (FIG. 11). Then, the polycrystalline 
silicon film 6 is patterned to have a predetermined shape by a publicly known 
photolithography method. 
10 [0045] 

Then, a silicon dioxide film is deposited to have a thickness of 50 nm by a 
plasma CVD method using a tetraethyl orthosilicate (TEOS) and an oxygen gas as 
sources as a gate insulating film 20. The substrate temperature was set to 360 °C and 
the flow ratio of TEOS to 0 2 was set to 1:100 when the film was formed so that the 

15 silicon dioxide film was obtained as the gate insulating film 20 (FIG. 1 2). 

Next, as a gate electrode, anNb film is deposited to have a thickness of 250 nm 
by a sputtering method and is patterned to have a predetermined planar shape by a 
publicly known photolithography method so that a gate electrode of a TFT and a gate 
electrode 10 which serves as a scan wiring electrode integrated therewith are obtained 

20 (FIG. 13). 

Subsequently, phosphorus is implanted using the gate electrode as a mask by 
an ion implantation method under conditions with an accelerating voltage of 45 keV and 
a dose of 1E13 cm" 2 so that an n" layer 311 is formed (FIG, 14). Next, after a 
predetermined photoresist pattern is formed by a photolithography method, phosphorus 

25 is implanted under conditions with an accelerating voltage of 40 keV and a dose of 
1E15 cm" 2 so that an n + layer 31 is formed (FIG. 15). 

After the photoresist pattern is removed, another photoresist pattern is formed 
by a photolithography method, and boron is implanted under conditions with an 
accelerating voltage of 30 keV and a dose of 3E15 cm" 2 so that a p + layer 32 is formed 

30 (FIG. 16). 

As an interlayer insulating film, a silicon dioxide film is deposited to have a 
thickness of 500 nm by a plasma CVD method using a tetraethyl orthosilicate (TEOS) 



21/28 



English Translation of JP 2000-81642 



and an oxygen gas as sources as an interlayer insulating film 21. Heat treatment is 
performed at 450 °C for 1 hour to activate implanted ions (FIG, 17). 
A contact through hole is formed in the interlayer insulating film by a publicly known 
photolithography method and then an Al film and a Cr film are deposited to have a 
5 thickness of 450 nm and 50 rim, respectively, by a sputtering method as a source 
electrode and a drain electrode and are patterned by a publicly known photolithography 
method so that a source electrode 1 1 and a drain electrode 12 are obtained (FIG. 18). 

Then, as a protective insulating film, a silicon dioxide film is deposited to have 
a thickness of 200 nm by a plasma CVD method using a tetraethyl orthosilicate (TEOS) 
10 and an oxygen gas as sources as a protective insulating film 22. A silicon nitride film 
is deposited to have a thickness of 500 nm by a plasma CVD method using a mixed gas 
of monosilane, ammonia, and nitrogen as a source as a protective insulating film 23. 
[0046] 

Next, the substrate is subjected to heat treatment in a hydrogen atmosphere or a 
1 5 nitrogen atmosphere at 400 °C for 1 hour so that hydrogen included in the silicon nitride 
film which serves as the protective insulating film 23 is diffused into the polycrystalline 
silicon film 3 and defects present at crystal grain boundaries are sealed and deactivated. 
[0047] 

Finally, a contact through hole is formed in the protective insulating film by a 
20 publicly known photolithography method, and then an ITO film is deposited to have a 
thickness of 140 nm by a sputtering method and is processed by a publicly known 
photolithography method so that a pixel electrode 13 is formed and an active matrix 
substrate using a polycrystalline silicon TFT is obtained (FIG. 19). 

In this embodiment mode, a TFT active matrix includes the flat polycrystalline 
25 silicon film 6 whose average surface roughness is 3 nm; accordingly, the thickness of a 
gaie insulating film over the polycrystalline silicon film 6 can be reduced to 50 nm 
without reducing reliability. 
[0048] 

In FIG. 20, the TFT manufactured by the manufacturing method in this 
30 embodiment mode is compared with the conventional TFT concerning characteristics of 
the leakage current between a gate and a source. 
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[0049] 

In the conventional element in which a gate insulating film is 50 run, the 
leakage current appears in a low electric field region in which an applied electric field is 
2 MV/cm or less due to electric field concentration at projections over a surface of the 
5 poly crystalline silicon film. In addition, the breakdown electric field is 4 MV/cm or 
less, which is too low for practical use as a liquid crystal driver TFT. However, as for 
the TFT manufactured by the manufacturing method in this embodiment mode, the 
high-reliable TFT in which the leakage current is kept sufficiently low in a low electric 
field region due to its smoothness of a surface of the TFT and the breakdown electric 
1 0 field is 7 MV/cm, which is high, was obtained. 
[0050] 

Further, because polycrystalline silicon having favorable crystallinity whose 
average crystal grain diameter is 600 nm was used, a favorable TFT in which the filed 
effect mobility of NMOS is 301 cm 2 /Vs was obtained. These features such as the high 
1 5 carrier mobility and reduction in thickness of the gate insulating film made it possible to 
obtain a high-performance TFT with high current drive capability. Such a 
high-performance TFT is suitable for structuring of the high-performance driver circuit 
which is necessary for the driver circuit of a high-quality display device. 
[0051] 

20 (Embodiment Mode 3) 

FIG. 21 is a plan view of a unit pixel of a liquid crystal display device 
according to another embodiment mode of the present invention. FIG. 22 is a 
cross-sectional view taken along a line shown as A- A' in FIG 21. 
[0052] 

25 In this embodiment mode, there is a feature that one of electrodes of a capacitor 

Cst which is connected to a TFT includes polycrystalline silicon of the present invention 
as well as the semiconductor included in the TFT. The capacitor Cst is formed of a 
polycrystalline silicon film 30, a common electrode 15, and the gate insulating film 20 
which is interposed therebetween. 

30 [0053] 

Such a capacitor is provided in parallel with a liquid crystal capacitor in order 
to compensate asymmetry of the liquid crystal applied voltage caused by voltage 
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dependence of capacitance in a liquid crystal layer and a feedthrough voltage due to 
parasitic capacitance between a gate and a source of a TFT. In order to reduce 
asymmetry of the liquid crystal applied voltage sufficiently, the capacitance value is 
preferably as high as possible. However, a larger area is necessary for a capacitor in 
5 general Therefore, when a large-sized capacitor is formed, the area of an opening 
portion which transmits light in a pixel becomes small. Thus, light use efficiency is 
reduced. 
[0054] 

Further, in a large-area capacitor portion, a short-circuit defect is easily caused. 

10 In particular, when the conventional polycrystalline silicon film whose surface has large 
projections is used as a capacitor electrode, the short-circuit defect is frequently caused 
in a capacitor portion; thus, a pixel defect is easily caused. The polycrystalline silicon 
film whose surface is flat according to the present invention is used as a capacitor 
electrode; thus, the short-circuit defect in a capacitor portion is hardly caused. 

15 Accordingly, a high-quality liquid crystal display device without the pixel defect was 
able to be structured. Furthermore, because an insulating film in a capacitor portion 
was able to be thinned without increase in short-circuit defects, the capacitor per unit 
area was able to be made large and the area necessary for formation of the capacitor was 
able to be reduced. Accordingly, because the area of an opening portion was able to be 

20 made large, light use efficiency was improved and a liquid crystal display device with 
higher brightness was able to be structured. 
[0055] 

(Embodiment Mode 4) 

FIG. 23 shows an equivalent circuit of an entire display device in which a 

25 peripheral driver circuit is formed over one substrate together with a TFT active matrix. 
The equivalent circuit is formed of an active matrix. 50 includes a scan signal line 10 of 
Y 1 to Y end, the drain electrode 12 which serves as an image signal line and includes 
XI R to X end B, and a TFT formed in the vicinity of the intersection of them; a vertical 
scan circuit 51 which drives it; a per [sic] horizontal scan circuit 53 which divides a 

30 video signal for 1 scan line into a plurality of blocks and supplies them by time division 
access; data signal lines Vdr 1, Vdg 1, Vdb 1, ... which supply video signal Data; and a 



24/28 



English Translation of JP 2000-8] 642 



switch matrix circuit 52 which supplies the video signal to an active matrix side per 

divided block. 

[0056] 

As a semiconductor film, a polycrystalline silicon film which has a feature of 
5 the present invention that the surface roughness is 5 nm or less, which is flat, and the 
average crystal grain diameter is 600 nm or more, which is large, was used. Thus, in 
an NMOS, a TFT having high mobility of 300 cm/Vs or more was able to be obtained. 
By use of this TFT, the high-speed operation of the horizontal scan circuit was able to 
be achieved. This makes it possible to decrease the division number in the case where 
10 a video signal is divided into a plurality of blocks. Thus, the number of signal 
connection lines from the outside was able to be reduced and a compact liquid crystal 
display device was able to be realized. 
[0057] 

Further, the high-speed operation of the driver circuit made it possible to 
15 realize a liquid crystal display device incorporating a high-definition driver circuit in 
which the number of vertical scan lines is 1200 and the number of horizontal signal 
lines is 1600 x 3 with a diagonal size of 10 inches. 
[0058] 

(Embodiment Mode 5) 

20 FIG. 24 shows a cross-sectional schematic view of a liquid crystal cell of a 

liquid crystal display device according to the present invention. With the use of a 
liquid crystal layer 506 as a reference, over the glass substrate 1 in a lower portion of 
the liquid crystal layer 506, the gate electrode 10 and the drain electrode 12 which 
serves as an image signal electrode are formed in a matrix. The pixel electrode 13 

25 including ITO is driven through a TFT formed in the vicinity of the intersection. Over 
a counter glass substrate 508 which is disposed oppositely with the liquid crystal layer 
506 interposed, a counter electrode 510 including ITO, a color filter 507, a color filter 
protective film 511, and a light-shielding film 512 which forms a light-shielding black 
matrix pattern are formed. A polarizing plate 505 is formed on each of outer surfaces 

30 of the glass substrates 1 and 508 which are a pair. The liquid crystal layer 506 is 
enclosed between a lower part oriented film ORI 1 and an upper part oriented film ORI 
2 which set a direction of liquid crystal molecules and is sealed with a sealant SL (not 
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shown). The lower part oriented film ORI 1 is formed at an upper portion of the 
protective insulating film 23 on a glass substrate 1 side. On an inner surface of the 
counter glass substrate 508, the light-shielding film 532, the color filter 507, the color 
filter protective film 511, the counter electrode 510, and the upper part oriented film 
5 ORI 2 are sequentially deposited. This liquid crystal display device is assembled by 
separately forming layers on the glass substrate 1 side and layers on a counter glass 
substrate 508 side, making the lower glass substrate 1 superpose the upper glass 
substrate 508, and enclosing the liquid crystal 506 between them. Transmission of 
light emitted from a back light BL is controlled in the pixel electrode 13 portion, 

1 0 whereby a TFT driving type color liquid crystal display device is structured. As a TFT 
for driving the pixel electrode 13 and a TFT of a driver circuit for driving the TFT, the 
semiconductor element of the present invention which is described above is used, 
whereby a high-quality TFT type liquid crystal display device with high reliability can 
be realized. 

15 [0059] 

[Effect of the Invention] 

According to the present invention, a high-quality thin film semiconductor 
whose surface has small roughness and whose crystal grain diameter is large can be 
manufactured; accordingly, with the use of it, a high-quality liquid crystal vote [sic] 

20 device with high reliability can be obtained. 
[Brief Description of the Drawings] 

[FIG. 1] A cross-sectional view showing a first embodiment mode of the present 
invention. 

[FIG. 2] A cross-sectional view showing a first embodiment mode of the present 
25 invention. 

[FIG. 3] A cross-sectional view showing a first embodiment mode of the present 
invention. 

[FIG. 4] A cross-sectional view showing a first embodiment mode of the present 
invention. 

30 [FIG. 5] Electron microscope photographs and replicated views of a cross-section and a 
plane of a pofycrystallme silicon film with a thickness of 40 nm according to 
embodiment modes of the present invention. 
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[FIG 6] Electron microscope photographs and replicated views of a cross-section and a 
plane of a polycrystalline silicon film with a thickness of 55 run which does not fall 
within the scope of the present invention. 

[FIG. 7] A diagram showing a relation between irradiation laser energy and the average 
5 crystal grain diameters of silicon films each having a different thickness. 

[FIG. 8] A diagram showing a relation among the maximum crystal grain diameter, the 

average surface roughness, and the film thickness of a polycrystalline silicon film. 

[FIG. 9] A schematic view explaining the definition of the average surface roughness. 

[FIG 10] A cross-sectional view showing embodiment modes of the present invention. 
10 [FIG. 1 1] A cross-sectional view showing embodiment modes of the present invention. 

[FIG 12] A cross-sectional view showing embodiment modes of the present invention. 

[FIG. 13] A cross-sectional view showing embodiment modes of the present invention. 

[FIG. 14] A cross-sectional view showing embodiment modes of the present invention. 

[FIG 15] A cross-sectional view showing embodiment modes of the present invention. 
1 5 [FIG. 16] A cross-sectional view showing embodiment modes of the present invention. 

[FIG. 17] A cross-sectional view showing embodiment modes of the present invention. 

[FIG. 18] A cross-sectional view showing embodiment modes of the present invention. 

[FIG. 19] A cross-sectional view showing embodiment modes of the present invention. 

[FIG. 20] A diagram showing a comparison of characteristics of the gate leakage current 
20 between the TFT manufactured by the method of the present invention and a 

conventional TFT. 

[FIG. 21] Apian view of a unit pixel of the liquid crystal display device according to 
embodiment modes of the present invention. 

[FIG 22] A cross-sectional view of a unit pixel of the liquid crystal display device 
25 according to embodiment modes of the present invention. 

[FIG. 23] An overall configuration diagram of the liquid crystal display device 

incorporating a driver circuit according to embodiment modes of the present invention. 

[FIG. 24] A cross-sectional view of a cell of the liquid crystal display device according 

to embodiment modes of the present invention. 
30 [Description of Reference Numerals) 

1 glass substrate, 2 base silicon oxide film, 3 hydrogenated amorphous silicon film, 

4 XeCl excimer laser, 5, 6, 30 polycrystalline silicon film, 10 gate electrode, 11 
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source electrode, 12 drain electrode, 13 pixel electrode, 20 gate insulating film, 
21 interlay er insulating film, 22 protective insulating film (Si0 2 ), 23 protective 
insulating film (Si 3 N 4 ), 31 n + layer. 32 p + layer, 51 vertical scan circuit, 53 
horizontal scan circuit, 50 TFT active matrix, 52 switch matrix circuit, 200 silicon 
nitride film, 331 n" layer 
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H01L 21/336 
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